BEHERE | TEACHING SKILLS

BT JaZe st RTL-SDR B {5 )5 B e 90 R B0

3
HRER=#Be, a3t HRER 056005
DOI: 10.61369/RTED.2025230019

HWRFEESMBEIETIN (BERE) RE, ANRET - RETRHETLLE (SDR) BENSSEREFNR

ERR, EARBTERABSFIREA RTL-SDR ##. RTL-SDR EMEEE ™ AR ABANTTEBER
H, EFERBLUREA. EENANRFMEST. BRHREALUREESRMEENS, H4E Matlab, SDR#, GNU
Radio T H, #HFELMELRN "BERBEBITE" BTAH “REENESAH 5 "RARI , BRFEETF
RERBESIIIER. ASM@EREXRBENE, NMARS5IESLEEERNSZEH,

REFTLLE (SDR) ; RTL-SDR; BfEFIE; SHREFNE; HFESNE

RTL-SDR-Based Reform of the Principles of Communications Laboratory

Wang Wei
Handan University, Handan, Hebei 056005

Abstract :

Targeting the "Principles of Communications" course for Electronic Information and Communica—

tion Engineering majors, this paper proposes a comprehensive experimental teaching reform scheme

based on the Software Defined Radio (SDR) paradigm, specifically utilizing the low—cost and acces—

sible RTL-SDR hardware. The RTL-SDR transforms a standard personal computer into a versatile

radio receiver, enabling students to explore spectrum analysis, modulation/demodulation, and chan-

nel characteristics in a low—cost and portable manner. By combining tools such as Matlab, SDR#,

and GNU Radio, the scheme shifts the teaching focus from traditional "fixed circuit verification" to

"software—defined signal analysis" and "system design." It encourages students to implement critical

communication functions—such as filtering, synchronization, and decoding—through coding, thereby

actively engaging them in the practical application of signal processing algorithms.

Keywords :

—. ERCEHFHOESHENLEY

Gz ) 2T EE TR, BETREEL IO R
Wi, BEFEAEIABERGEMERIS, &5 6 My
VAR RGO B, SR, L5 USRI 5 B A7 1 2 Pk
i, EE, R A HLIE A, SRR B B T SE e A B
P, XEORRIIRERE T . BACREE R, A KRB TIR
SHCT “BeiErh” S0k, XEDIR A BLRES5AL B A AL
ok, B ESTEMY . R PRSNG[N
G TS RIS, TSI B A R B SR I
B2 FA G SR S B R A TR B T, X
W FECEE AT FUE S IR, R HLSEMR 7 hT FL et
RIS, MG, EEwErs., s SRS e
REL NN

JTAESKE, B TICLZL HL (Software Defined Radio, SDR) A&
RIEE LI AU B AL TR IR, BN EE T T —
A MRE, TEW NP H—, FT USRP (Universal
Software Radio Peripheral) %2 SDR F-E S8 A5,

WEES: RERHTAE , HS: 2022jg028,

SDR; RTL-SDR; principles of communications; experimental teaching reform; DSP

XAy RMERER K, (HEREIRES AR EIAMTHE L), L
SLIMAF—E WIS, RE T EENRES SMAME L
B, AR CEm s e a” S, KT, T
TG A RTL-SDR /N BISEEe 2401, X LEmtSit ] 7%
BIEYE LA, (A2 EFREAICLA AR (A1 FM
B ADS-B (F58:00 ), =5 GEERER) FHRARRM LR
1. SRR SR EE N RGO 2

P, ARSI TAE BAESRA LIRFI SRR AL . B FFAR R
¥ RTL-SDR {ER{ER TH, il 0, #7350k
1. REGEERSIGIRFER EA, ASAEH R R R
BAERAUR SR, [ SCUe RS 15 DUE I i SL it 2= 1 R4k
W T —ER SR MIREE CEREELRS . BEERES], BIERE)
WAL R, B “RE0EI Wk “HAURIE” 5 K8l
FHBSLIMEF ST ET O, §IERser R TR mie
BV AR AR TRERE

A TCB IR AR . i RGN RTL-SDR ##5 1
B, A BRI AL T A R TT 28, RTL-SDR Kb
BTG S (ADC) WIREERRCT—/N/ T USB 45 H1,

016 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



T (40 GNU Radio. MATLAB B Python ) SEIMES:
AL BT AL Y, (SR RERE R T MR AR SERE
fEHERE . BeZds CEMEFEE) LI “REARIIE” R4
R CEHEE UE SRS R G B, SR E st
AN TTIBA TR BT REJTRISEIN /AT

—. RTL-SDR 7 (B{ERIE ) SEHFhams

RTL-SDR (Realtek DVB-T dongle ) I35 1 Tkl
FRMES, FHARA CGEFIET 150 C ART) | Sisfiseilse
JER RS 25 MHz 2 1.7 GHz ) DL TR D
NEAE AT

(—) BRASEEHE

T T B AT e 5 SRS 447, RTL-SDR
MR ARHE T UAF—6, S8 “BERERL" AUSLIoH e,
R NG IO A R AT REAT 5006, ARAHE 38 T 255 1 R I AR
R

(Z) “B%” L5t

SDR IR 4T (White Box ) #51E. FraRI9E
W WEL D RRESE IS P RE S, AT LB R
FEMECERIR, IR RS AR SN BT S SRR AR A A
—APE, IR AR RGBS 53] s

(=) BESEZHMIRES

SDR S286 38 2= A K U . B FSA0# (DSP) g
FIEE (1 Python, C++) SEZANFERNAIRRL AR fg—A
SEBRR TR R, ARG TR A LR e TR AR

=. EF RTL-SDR HIsci Mg+ 55ch

RMCETT SR T ZA A IIIE, ERYA4FIH RTL-
SDR {ES E#EC R MO i, 45 G A R S Ol T
fAE, SRPHSCHHERISITRES, 4m s B A B S O
W

(—) TRTARERIRASHEEE

FHRSEIR RV PR R T B, 7R ARSI T S
I&FTHI RTL=SDR V& IHOREHE S R IR TSR i ], JFiA
TR 2

PER G RE . ASLIG SR RTL-SDR 78 5870 BN U155
FRUgRES T (I FM B0 . B iAmBESs ) o oA B A BR 1
B (FURYE 3.2 MHz ) 1A IFER A A GER BRI, RHfsss
i S s tili Ol cvmiE L IIN

Wk Hak: RTL-SDR Ayl g 7 HAE S h i
o, WTTWEESREMLEIAY (NLRmE=) , RAKEK
GBS S RIS SR G 1 SDR ~F-5 (4 ADALM-
PLUTO 5 HackRF ) , RTL-SDR{XU/ENZWHLEEH . XFMAE
BEAHET RTL-SDRAKAUA , I&TAHUAEERE 0, EN &
MR RS CRAIE T S50 (55 AT HE

(Z) mE—: EEXBESHEMBERSHEE (&l
BE)

AR A BT EERLES (FM) | BN ERUR
BE N v & 3

HOF bR (EE A AR ITSIOE IR BT T AR, 55
FAIEM T HE(E 500 AT DR R

St

LSRR 5 4. 444 RTL-SDR 1 SDR# 5 GNU
Radio T-H., FHI IR FM & IS4 . i wisg
BT e, SRR AR T B A A SEBR R

2R, FAETF AN TR N
RTL-SDR SRAEME HN I/Q BIRTIFIG, AORAREER (B
IR ) . CFO (AR mFe ) £OE. S0 (Wt — Fepl
ECPLL) , et B InEmeEs g i

3 B TRESI I, BESRAAAUL R R S A (S
HIRRGT / 5 Z 80, PLL RUBRESUEDE 5717 98 ) L U0 iR &
JRELRISEIEEMT, RN RSSO RGN

(=) SEIWIE =: BPSK/QPSK SSMRIGEEXNKNEEE
EES R ( HFEBE)

BOOFIR A $5RE] (BPSK/QPSK ) | VSRR . 7521

Hp B A EOWER AR A 0 PO %O B (DR
VRN BN FERD . B, IR R EEE SN AT R G
BGTEEE.

St

L4k i d . (HHE SDR (2k—% SDR % 4t, H—
© RTL-SDR 21 ) # @R MR A m (S 55 8%, (4% BPSK 3¢
QPSK {545,

2. IR, TR P TSP T BE

3. UUTC N : 3 FARTRUE A Tkl sk Tk e, SRl 4%
S (1s1) 7

4. BN A4 (Symbol Synchronization) : SZFLU0 Gardner
SRR TR, RS R A

5. # ¢ [74> ( Carrier Synchronization) : SZHAN Costas 1
BT SRS, BRI .

6. SEIS EJEE T AEFIRAT, K FE R QARSI 2
F R N, A AR B NSRS . R B T
A, SCILEE R A A N SR B A B AR L R, B
SRR B N B S R G

(M) SERIRE=: i/ EATLEEFEIESIREES
ir (EEFMESYRS )

TZDANES: TCRIEE . 2R, T EIRE ., R
(BER) . fFiEZwA% (CRC),

Hrep HbR: b S s, MR E SLER A To A S
M, U SRR e R SRR A A

S

L AZEEL: (A & F%0 SDR (— NI REHLREA,

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 017



BEHERE | TEACHING SKILLS

A—AMEW) |, FEENE R, EBER RS NI T,
THRE TR S B A R R I SRR, R 2 1F
IFRE 8, DATTER e B RER e R

2.BER FE W : FEAS W45 1E (4 BE LOS F0 JE 40 #E
NLOS) T, HERMAAS RS EEIR RS (BER) , 1ERHE
RESLME,

3. Y E I AR IRAIE s 7E SN BRI 6 S 08 PR U AR AR B
(CRC) %fil, Bt BIRRGES o 7oA RS RSS FEs
4 BER ", JEEN R ETIS BER M RERMIG, Wi Esmm it
B IE 5 A AR

M. BEYRIFEHESTRER S

AR R RCR PR R AT 58753, HHRIAELT
J7 SR A B e A 2

L BAHERR AR TT 28 W RIFEIRRETRS, X I sr S
RO FFAE CBREE) HIARF T, X ES A, 25
BRI A R I, CREHE RN PR, WA
ZESERARED / R SERE . IEA A G B TR 4

2. PUEEARRELTT R WS BT EA ML, HEalk
SRR ATRER AR | 23] OB AR FUE O T T I Rz
A

243t

3 WA HT SDR A EBRIT AR FIA T R FR S
PEETE, TOZ AR S e R T IR B LB B 1. 2R
R T ARIES, MR RE R R E ., W
TAREHACHTHRTH DSP Bk, Hik, Bt 2emgusit
B, BRI IUOR I, AR E R G R RS
R CAnEseds . MR Z MM EARIOE R 17, 2k, Witk
SEAERARSINY 3547, A4 SDR $2ARF1 GNU Radio/Python 45
THEMMEH, AR NETLEE, E5 48, 5G/6G %I
VTR A LR T T SR

h. &ig

- RTL-SDR Ay CGEAF AL ) SEIG IR S 18 W LR
(EHARR B H MR, BRI MR AR, RIS LN SDR
i, BHEGH “YRUEME” SCEGEEAR N CHRE XL SEIN AT
REHHE" WAL, FIR AR AR, AL ATH
T VBRSO OANR, R, BRI
R, SRR FO0I, MIHBR T A >4
R CRESC AR TT, A RORA TR 5B I A
W BT S A W O IMEAT AT 70, kg g — 1R
PhE T NA A B0E A

[ E7F, b, W, B, Judite . T TREAE IR0 TR B 2B SR E U (1], SRRl 5HR | 2020(06).

[2] R TR " R B ER RS SR AR RIS (U], FHEI0IR L 2020(45).

(31 EM, F&, EWesE, FLIF lEREREREIINE RS FCF QIR ST 1)), SE8ERE: |, 2020(05).
[AflEr, Zemgid, HOREE, AT, (A E RSSO S IR ()], LR EFE SR |, 2020(05).

[5]Proakis, J. G., & Salehi, M. Digital Communications (5th ed.). McGraw—Hill. 2008.

[6]Harris, F. J. Multirate Signal Processing for Communication Systems. Prentice Hall PTR. 2004.
[7) 252t K, B, B, X% . DULREF I S " i fEss st " T 2801 ()] SRR 5L, 2020(04).

[8]Goldsmith, A. Wireless Communications. Cambridge University Press.2005.

[9]Lin, S., Costello Jr, D. J., & Fossorier, M. P. Error Control Coding (2nd ed.). Pearson Prentice Hall.2004.
[0V 4L, sk, HER, BRALE, Zedegl  SEFROATeE8a i PA MBS HeE (1] S0 SHE 2015004

018 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



